Motivated by recent measurements, we investigate B → ππ, Kπ decay modes in the framework of QCD improved factorization, which was recently proposed by Beneke et al.
Introduction
It is well known that the theoretical description of nonleptonic B decays is an extremely outstanding challenge, due to the nonperturbative nature of both initial and final mesons. A good understanding of the B nonleptonic decays, or at least a reliable estimation, is the prerequisite for extracting meaningful implications from experimental data and for testing the SM. In past years, some achievements have been performed toward the goal, for example, in Ref. [1, 2, 3] . unless it undergoes a hard interaction. The quark pair, forming M 2 , ejected from b decay point carrying large energy of order of m b will involve hard interaction, since soft gluon with momentum of order Λ QCD will decouple from the quark pair at leading order in Λ QCD /m b in the heavy quark limit. The essence of the argument of [4] can be summarized by the improved factorization formula
where φ P (x) are the P meson's light-cone distribution amplitudes(DA). The hard amplitudes Another consequence of Eq.(1) is that the final state interactions may be computable and appear to be the imaginary part of the hard scattering amplitudes.
In this work, we extend the formalism toB → Kπ decays and recalculateB → ππ decays with electroweak penguin contributions. We also present detailed discussions about the strong penguin contributions and therefore we obtain the corrections to the chiral enhanced terms, which are found free of infrared divergence. We point out that there is large cancellation between the strong penguin hard scattering amplitudes and its contributions are small. Prospects of observing CP violation in those decay modes are also discussed.
Calculations
First we begin with the weak effective Hamiltonian H ef f for the ∆B = 1 transitions as [5] 
For convenience, we list below the operators in H ef f for b → q:
Here q = d, s and (q ′ ǫ{u, d, s, c, b}). α and β are the SU(3) color indices and λ 
After a few steps of calculations, we get the hard scattering for the decay modes listed as follows 
where
and N = 3 is the number of colors. The internal quark mass in the penguin diagrams enters as
where φ(x) and φ 0 (x) are the meson's leading-twist DA and twist-3 DA respectively. It should be noted that we have included O(α s ) corrections to a 6 in Eq. (6) . Although the a 6 term in Eq. (5) is formally 1/M b suppressed, it is chirally enhanced by µ P = M 2 P /(m q + mq′) and known to be important to interpret the CELO[6] measurement. As a result the O(α s ) correction to a 6 would be the most important one among the corrections to a i .
We realize that the contribution of the strong penguins depicted in fig.1 .(e) and (f) to a 6 could be reliably estimated without IR divergence. As an example, we show the contribution 
We can see that the end point IR divergence in 1/k
) is canceled by the term (1-x) in the numerator and the amplitude is finite. For the amplitude of Fig.1 .e, it is easy to note that the denominator k 2 of the gluon propagator is canceled by the quark loop and the integration of 1 0 dxG(s f ) is also finite itself. However, if all the external quarks are treated as free qurks at first, IR divergence will appear. In the case of free quarks, one can get the hard amplitudes of Fig.1.(f) as
At this stage the quark pairqd is in color-singlet configuration. After F ierz rearrangement, one gets
From the above equation we can see that Fig.1 (f) contributes to a 4 and a 6 equally and its contribution is IR divergent when k 2 → 0 in free quark approach. Phenomenologically, one may have to treat k 2 as a parameter. In the framework employed here, the virtuality of the gluon is convoluted with the meson's DA. Furthermore, The NLO strong penguin contributions to a 4 and a 6 terms are different.
With Eqs. (5)and (6), we can write down the amplitudes of B → ππ and Kπ decays
Where
|. V cb , V ud and V us are chosen to be real and γ is the phase of V * ub . λ = |V us | = 0.2196. R P = 2µ P .
Numerical calculations and discussions of results
In the numerical calculations we use [7] f π = 0.133GeV , f B = 0.180GeV,
For the leading-twist DA φ(x) and the twist-3 DA φ 0 (x) of K and π, we use the well known asymptotic form of these DA [8, 9] 
For B meson, the wave function is chosen as that used in [10, 11] 
with ω B = 0.4 GeV, and N B is the normalization constant to make 
which is near to the argument [4] in which 
We leave the CKM angle γ as a free parameter. For the form factors, we use F B→π (0) = 0. Table 1 . It should be noted that a i (Kπ) are generally different to a i (ππ) and also change from case to case due to f II M 2 in the formulas of a i , where M 2 could be K or π. However, with our choice of parameters
and the distribution functions φ K,π (x) are the same, the a i (Kπ) ≃ a i (ππ). From Table. 1,
we can find that all a p i develop strong phases due to hard strong scattering. Our a 2 is very different from that of [12, 13] in both real and imaginary part because of the contribution of Fig.1.(g) , and (h). So, theoretical predictions for the decays dominated by a 2 may be very different between Naive F actorization approach and QCD improved factorization approach.
Numerically, we find that the O(α s ) strong penguin contributions which collected in a 4 and a 6
are small because of the large cancellation between Fig.1 .e and Fig.1 .f. In detail, the strong penguin contributions to a 4 and a 6 are
where the numbers in the brakets are the contibutions of Fig.1 .e and Fig.1 .f respectively. The cancellation in a 6 is weaker than that in a 4 , since the contribution of Fig.1 .f to a 6 is small. The other diagrams will dominate the O(α s ) hard scattering amplitudes.
Now it is time to discuss branching ratios and CP asymmetries of B → Kπ and B → ππ in the QCD improved factorization approach. The branching ratio is given by
where s = 1/2 for B → π 0 π 0 mode, and s = 1 for the other decay modes. For the charged B meson decays, the direct CP asymmetry parameter is defined as
For the neutral B decaying into CP eigenstate f , i.e., f =f , the effects of B 0 −B 0 mixing should be taken into account in studying CP asymmetry. Thus the CP asymmetry is time dependent, which is given by [14] A 
With the above parameters and formulae, we get the branching ratios
If we generally express eq.(34) as BR = A(e −iγ + ae −iδ ), then the direct CP asymmetry in eq.(31) can be relevantly expressed as
Using the above equation, the numerical results for the direct CP asymmetry are obtained
As is shown in Eq.(34), the strong phases are different by decay channels. We can also see 
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To compare with the data, we plot the CP averaged branching ratios for those modes as a function of γ in Fig.2 . Our results are plotted as curves and the CELO data are displayed as horizontal lines ( thicker lines for center value, thin lines represent error bars at 2σ level). The horizontal line in Fig.2 .7 is the upper limit of the decay mode.
We find that the observed branching ratios of those decay modes can be well accommodated within the QCD improved factorization approach of Ref [4] except the decay mode
As shown in Eq. (19) , the first term with F B→K and the second term with F B→π are disconstructive which reduces the amplitude of M(B → K 0 π 0 ) much smaller than that of other B → πK decays. As it is argued in Ref [4, 15] , in the present theoretical framework, the final state interactions are computable and identical to the imaginary part of the amplitude which is generated by the hard scattering amplitudes. In this paper, we find the strong phase appears not large enough to change the two sub-amplitudes of M(B → K 0 π 0 ) to be constructive. Our results agree with that in Ref. [12, 16, 17, 18] where the decay rate of B → K 0 π 0 is also estimated to be small.
The CLEO observations have motivated many theoretical studies of those decay modes using different approaches [10, 11, 16, 17, 19] . In Refs. [17, 20, 21] , it is suggested that γ > 90 is required to interpret the CLEO data. However, the global CKM fit has given the constraint γ < 90
• at 99.6% C.L. [22] . The comparison between our results and CLEO data [6] implies 120 • < γ < 240
• which arises from the constraint by Br(B → π − π + ). The observed Br(B → π − π + ) is smaller than many theoretical expectations. Negative cosγ is needed to suppress the theoretical estimations as it is suggested in Ref. [17] . The decay rate of B → π − π + can be also suppressed by using smaller form factor F B→π (0) and/or smaller |V ub /V cb |. However, it would be very hard to account for the large decay rates of B → Kπ modes in this case.
For those reasons, it might be difficult to solve the controversy between the global CKM fit and the model-dependent constraints from the charmless decays B → Kπ, ππ within the QCD improved factorization approach.
Summary
We have studied
B → π ∓ π 0 decays, in QCD improved factorization approach.
The strong penguin contributions ( Fig.1 .e,f) are discussed in detail and found to be small because of the cancellations between them. The most important power corrections to these chiral enhanced terms(i.e., a 6 ) are identified and found to be free of infrared divergence. With the choice of twist-3 DA φ 0 p (x) = 1, the a 6 gets a large imaginary part and its real part is enhanced by 10 ∼ 20%. The other NLO coefficients a i also acquire complex phases from the hard scattering as depicted by F ig1.(a) ∼ (e) which are shown by the function g(x) and G(s, x) in Eq. (12) . We can see that g(x) is a new source of strong phase besides G(s, x) of the well known BSS mechanism [23] . Compared to the Naive f actorization, the strong phases are estimated reliably without the arbitrariness of gluon virtuality k 2 within the QCD improved factorization formalism [4] . The strong phase due to the hard scattering in the decay modes are found to vary from 0 • to 172
• , depending on the decay mode. In the decays B → π 0 π 0 , K ± π ∓ and K ± π 0 , the strong phase are found to be as large as 100 • < δ < 180
• . In other decay modes, the strong phases are rather small. After finishing this work, we find Ref. [24] also discussed B → Kπ and ππ decays with a similar method.
